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Abstract of JP2002161367 

PROBLEM TO BE SOLVED: To provide a method of 
depositing a ruthenium film on a substrate via liquid 
source chemical vapor deposition. SOLUTION: The 
method for depositing the ruthenium film on the 
substrate via liquid source chemical vapor deposition, 
comprises the source material which is liquid at room 
temperature, and utilizing process conditions such that 
deposition of the ruthenium films occurs at a 
temperature in the kinetic- limited temperature regime. 
The method of depositing a thin ruthenium film on the 
substrate by liquid source chemical vapor deposition, 
also includes using bis-(ethylcyclopentadienyl) 
ruthenium, a step of vaporizing the bis- 
(ethylcyclopentadienyl)ruthenium at a vaporization 
temperature of about 100-300 deg.C to form a CVD 
source material gas, a step of providing an oxygen 
source reactant gas, and a step of forming a thin 
ruthenium film on a substrate in a reaction chamber, 
using the CVD source material gas and the oxygen 
source reactant gas at a substrate temperature of 
about 100-500 deg.C. 
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D^>^yIZjW ;i/f-fAT*5, f»*3SHC|B« 

10 

[«*JH3] ±eas«a*. SMHHft, ftfl^*>, ft 

x-i/^iEx ho>?'>A, ftflsy^ft, gfl^^X^ 
[»*JR 4 ] Wi2*«#$g 1 ©1W to "6 h* JS « 

[»*«5] fiie^irom-r^tD^->-h*^*iit«t 20 

X^A, -rUS"7A, ftfcfP*>, ftffc3^>7 

1 0 0 'C~^J 300 *c-c» o . s«©a«a«*?j 1 0 30 
o"C~*55 0 o"CT?a&s^t*-&tr. ffjfcfl 1 »cE«© 

c v d *»j*-r * & »jc mm ex - 

(xgMl^^no^xx^) ;i/f^A*»ioo 
*C~^3 0 0tOll8i«Tl%*t5Xfy^t, 

y^CJSO. ££©Sftttl&l 0 0t~U5 0 OtTife 

ftWBTfrton*. XT-y^i^tJ^ffic 
[«#H9J ftft:P*>> ft 

r^lXhD>f>A, ftYbdr-fSf, gft^>^f 
>, f?>S»yJ^^^A. ^>*;H£X hn^'j? 50 
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Ak'XTX. y-ffl:? 1 ^, —Wtitir-i 

1 1 1 «ies 1 omr^t ->- h*ji#*fs 

5"x^a, -f >ji?^A, a&. &it??>, 
t;psx^a, EBMb^>^;k KftJU-^x^A, y-f 

©#&. 
[0 0 0 1] 

C tic Mf-Su WKi, 

ffilta^it^fcifefC, fcfX- (x3Ml/x;*n'<>^v>x 

£>. 
[0 0 0 2] 

tt, ^X^Att^ffiftW^-f t57^RAM (DRA 
M) OtMStUTSfL^. *M©DRAMOg 

i*S Vi^&ffl 6 3 ifcjc© 3 >^ >v&m ^ S C t 

fls*«ffi*a«ia (cvd) *ffl^*ctJ4<r*UT?* 
[0003] fl^mtsi£««, iwtwanfcft:*s**«i 

[0 0 0 4] S£^)ii&iBO*«^JB«)«rffi#)S^?IMO 

*j*«*a«an*. SflES:DRAM«)tiRtWt#C 
»©CVDlWK«>*ttti£*36»6H#<0^*T*D. T" 
h 7 1 K n 75 XJCtlSJtCWiTr**^. 
ttRft*nT^*. glOCVD*«ittJliV>IWB«ftftH 

/N*U ^ A -X h D A^^ >BHtt©fc^£ftttX/t 
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h) titanyl bis (dipivaloymethanto) (T I O (DP 
M) ) Wf^>rh7'f v?u-fc*cUY (titanium t 
etraisopropoxide) (TT I P) =fi-$&S©j§?i££ffl V> 

[0 0 0 5] fi£3fe#>e>. t*X- (yjD'O^vIZ 

.ii^x^a (Ru (Cp) ,) #;i^x-7As§$l© 

»fc»«»iSTOoTifc : P©»jfc*flis© h u 7h*§it 
mzwxmmmmv&mzmfz. stc fx- (->? 

ft;i^x^AK£S«K^sK^f£-r-5. 
[0006] tot, mmrc&fevftim-z&zm.#m 
m^cvd ©&m%«©ifc© (cffl v^ci \tmmx& 

K) . L^fcPg3£^?*l&©*f«©r B mg£ft(Cfl5#£*lt::< 
t,>. ;i/-rx^AJK«f x- (xf;k>^n^>^vir 
;U) Jl'T^— r >A(bis-(ethylcyclopentadienyl) rutbeni 

ne©;i/T-— 9ABittS*B*^€r<, £•<©«©£!*£ 

U-©«flii:LT«ffl"r*K:tt*«+»/jN*^ttt«f»A, 
@#©WMi§tfX- (->^n^>^->*x-;P) ;i/^x 

[0 0 0 7] f X- (7Jl'W->?D^>^-;i; 
;P) Ji/^X^Aigftte, Ru (EtCp) 

[0 0 0 8] fcfrftlKtt. ft*»ffl*«#»«*ffl^T 
[0 0 0 9] 

[0 0 10] *«B©te©ateK©»lB"r»«"r*©tt, 

K*BW*3!FS"r*D, fx- (if;^^n^>^y 
XXJ10 ;|/5^— ^ASrfflt/i, CVD©#jSS«C;*m#X* 
MJ&-?2>fzlsb\Z fx - (X3Ml^> i7 n ^/^yl'iH 
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;i^x>>A*»l 0 0T~33 3 0 0tOl%fi«Tl^ 
$t5Xr7^i, H1S©fiSd^l 0 0t;~8 5 0 0 

[0 0 11] #?S91©rt!i©RtfMfc£<liJig, 

M©#IR©K9!a» 5 E B fcfc * . 
10 [0 0 1 2] 

[£«©&*©&*] ±iE©*58^©#«, 

$ ni¥«B \zmmx * -5 j: 3 »c . cfS¥ ic^^ a nfe 

*^©«fcO#3£©3B5Ett, ttlOSnfcHiSlcBjftan 

n*. ctie©0®«*^ai#©-a5Sr^-r. 

©»«*H5RU f£oT*»9i©«H*Rje-rsfcJ!.& 

20 [0 0 13] 1 "P©*M|©»»"Ctt, 

*©ft*»«*«KJ: 0 ;i/^x£ AK**«KHi*r* 

#«««©«*«&««. fx- (x^;u->^p^>^ 
mtm. mc&9>* gftf^>7i^oA, s®ft 

XhD>-^A, KftX ho>^A. mt^r—V 
30 A, ^ft^f*, ^>^f>. ^^>BMftS?;P3 
X^7A (PZT) . ^>rS';^xhn>5 1 ^Afxvx 

(SBT) , RtfX&ft^ JUT**. »=. *«^x 

*. S/— HJi©«*»«6«H:, ;U5=-x«?A, * U5*> 
A, &&, «ftf^>. 'f ^>-7*5=f ASftft 

(S^^>t;psx^a) . smxc9y9)w 
^x?a. y-rft:P* *fc»«;*n**i3* 
mts frf'—v&vMstMBUfitoi 0 o-c-^3 oot 
40 t?&9, Sffioif^i 0 ot;~^5 0 o*ct&£. 

[0 0 14] *fg^©»iJ©^Jfi©^S8tt, *£#:ttlSj!C© 

^k**ffiit*fc± 0 ;i^x* AMK*as*fcitarr*2r 

feSftifcU fx- (ifjw>^o^>^i?x=jH ;i/ 
f-fAStftftMtl/TfflH5. d©^ffi«. ft* 
«ft*«©«,^«i|Bf^XS:^-r-5fe«&tCf X- (X 
5^;i/->i7 a^>^yi-« ;i/xx^A$|iti 1 0 ot~ 
153 0 0t©IMSfI%$t57,f77', mmwK 

50 JK€:SStC^J$-r^X^-y7 P , *«©M««^ 
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i o or-^s o ott^o, jit^-v &m<DMmzW} », iKiftsnTRuo^ao, mmizm-<nm 

*#tticiS3fe*n&afl[««©ji«-effton*. a«o ^©+T$E«t^L<«^^^>^<Di. omoru (e 

Rmmtnm\$. iMMtto. g^^>. ^^>-t;us tcp) tummtstntwut, ts.&mv^me>mwmi 

-OL>mtm. m.&ik*y?)\<, *>9 fr-?Amt5. tt^ras. ^xAf*jgB©jp 

;k ^^AU^AX hP>f?A, SEftXhn>5 1 S^-ttCO^TH. XRFX^^M (Me t a 

£A, ffiKUl-xx^A. gffcir-fSi, ^k^>yx^ PULSE) y-;PKJ;*irai*©lH!]afl«**. 

>, ^>aHBy;m=!>A, ^>^;«xKn>f^ >*©Ru (EtCp).R^Ru (Cp) ,tt, BWJg 

Ak'XVX, -mtT-i m-C&Z. KfC Slfi^xAtc ta&tfW I WOR s *S— ttfcHLTEWT?**. AFM 

ttflliojBM-fctoSi'-HJia*, *«fcJ:Diii*Stt. ^-^^efffl-r^SEMiii^t^^dnrT-S^ttt, R 

^j^«^s*ffifi£ss^fc«ft*«.ffi*«fefti;o«ia io u (Etcp).xBRu (c p) , ztmman 

snx^-s. HJioftan&fflti. ^a, -r s^tcHfc^-r. cvD(c<fc£Ru®i©ffl£a*iss^, t 

HM1k*>?)l. m^^-^A, ^fc3^> [0 0 2 1] fi*J:*5 0-6 0 A(Df SOPVDCi 

[0 0 15] *5BW*a»-r*l»Ofc«>K, £CF©5t ?-yy*/'tU-S?©i»*3&JW636»K:-r-6ilitt, ««H9 

££;rttK:3UeSftTV»a*»ffi*©JI» tzmfonmn (conformal) ©C VDfCtSR uj&#t, 

«, attft«ic*w*?8ejs»'pa*o***»"3o*«a «?>t©Ru (Etcp) xtt*e^«9K%« 

Ru (EtCp) Xt£*6ttftMB<IMtRu (Cp) , 

[0016] c^tffflsnTusi^c. ffits r->- sr^v^Tigs-r^^-cs-s. strm^iKRu tcp),a 
hjij *<:t:err-5t><D«, a*bv»»tt*»^fc«>ic»j 20 #iwm4&«Ru (Etcp),«*tc, rx^hit 

©a©J*ft3&»eftfc3Ec*J;5«fflSn*«»OJi-C* (AR) 5:lO0. 17MmOM/>f!:Ml/T, 9 

IS^iWui, EK»l3&»4*3tT?»*i:ta:i!"C»*. &c*8 0%©^MH4 (WW^Oift) £I&iE-r&. *>6 

[0017] zz.-?mm2tiT»z>&5\z, mm rmij ^dewru (Etcp), a. 7x^i? Mt (a 

*WKIB3e*nfclW*j *£*«iaS© R) 6 : 1©0. 1 5tfmOM/>fi:^bT, »88 

?¥"r*iiticj:o— URiwat^wsn*. s. ru (e t cp) .ttcvDrckSRua&sicttfli 

[0 0 18] c:T«iSnTWJ:5K:. JB» TOR nfc«HR4Mn?*D, ^e^©4>&£. 

«*lcafc<ft#r*^t&t»ftaaflEK:ftfiFbT«r»a:Vi [0 0 2 2] £TF©*JM1W:. ' 

Ci:lcJ:.DW»^W6ti*. -!i£iBBJ-f 5 fc«6© *>©-?* 0 , £©J:"3&"*»0>n?* 

[0 0 19] ;p^:r£Affll©CVDlC±*ifcf*©4ffl3* ft*«W*»Jfe - r***Stt'^ , b©Trtt:&:^. 

frtt. ^T-r:9ABt*f»**wKiRjean&afiE«i*o [0023] giro 1 

3&ttmifl&U<a#lttW&KW#te)\,T—&&MIUfi b?X- (->i/ n^>^i?X-;i<) ;io=-=?A, Ru (C 

ffitlc, I«IJy-H14t^, ->-HHttC p) (X^JI/->^ n-^>^5?X=;W 

VDfc±*;^-*Aflt©aS«*!IIU 40 x^A, Ru <E t Cp) Advanced 

SSlFtt^afcSU ~Jt.rt&— >J*»S Chemical Delivery System 

tt&ttjrPOefttt&ttttrs. s (ACDS) fttflBLftlft-fS. £tl<=,©MIEtlS? 

[0 0 2 0] *M®l£fX&ft£ft£-r«IK. CVDKi tt. ^Jg-*6»^I-^;JS (M I M) n>^>-tf-©^}Ii: 

*;PT--9ABltt*6«)*iW>K4)!»KOffla*fl s OieH* LT(SJBni5CVDi:±DRuiSJ|ttt«fc»lC 

mmvxmfiizftz. itmztizmoftmz. isa©£ &js£ns. — sc. cvdcj:*ruiw«»^bo 

14, WIWOl$^-tt, Hft&tt. WIWORs^- &£#t£«, ^x/M*3«OJP*©*i^— ttA»2X5fe» 
tt. SSfi£. ^v-ffjnv— 'J. >f£M£tl (la. 4 9 p t s/9 p t s , 15mmEE) 

fc«iBTO*ftttT»*. i^ft©iElS]©X^lHlSf^ (X Hi, 9xA|HI©lt£Ltt#t2 (la) T$5C 

RD) «-W*»^6)WC"r*i:itt. ft**»»=IBfi*n t. K©H#»ttpa*2 5« Q-cm5feJllT?»*i:£, 
fe««©*TBfFlE#)KRu (C p) ,A^*«^nfc^ 50 i'-b^l©^-tt)6»10X**(la, 4 9pt 
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**2 5«Oi>=y\C*lNt, RuiU80m*m. O a tf3 0 0 a c era. STorr. N,tf2 5 0 s ecu. <7*/\iC3 2 OtX SStf2 0 0A. 

(Etcp) , tt*aTtt*flcT?* o , *??>\zmm 

[0 0 2 6] 
[S2] 



[0 0 2 5] *S60!I 2 

Ru (cp) ,r#ru (e t c p) t <pmmm%f i & 
mm.mm.-Rn (cp) ,tt*a-cttH#7r*o, >g*£© 
f h7tHP77> (thf) Kjg/ssn, fr^-e^-s 

Ru (Cp) ^tSRu (EtCp) t ©a«Se 





2 5«CTCD« 


Sfc£ 
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s) 
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tt 




Ru(Cp) 2 




195*0 


2, 5% 

(151E. eg 


2 2 0'C 


THF«pK0. i 
M 




Ru<EtCp) 2 




1 2*C 


OSiE. Ar) 


2 6 0 e C 


*C1. OM 





[0027] mmm 3 

mmmMi <tga) ipso 

g*S»##T (TGA) t^|g^3£il«jB!lJt (DSC) © 

fi*^to**flivsT, mmmMRu (cp) ,&#iwra 
«iru (e tcp) t&mmhtz mi A&zfimi 
b) . cns©iW£tt*ftEE-e*fT;*tis. &«s##r 

©K»*W>T-5©«. *». #*, *>U<fcMM*©IBI 
T**. td)MI«R?ftTj|Jitt«)iHfiOXtH:, 

mm^n^mmm^m 
■2u\,*m&* mm\ztem?%£. j pmw<D h u 7 h©^ 
ru (e t cp) tifim-rmmmttetfu 

i*0«a/1--fe>hTfeS-7j, fflB4MtRu (Cp) 

, \t 3 fts/^-ir > h*«©se*^^-r. 

[0 0 2 8] ^ft^^fiffliS (DSC) #88 



fls36«m**«K)fe*n*iBjft*ii«-r*. Ru (Etc 
p) ,c^Tttss2 4 o'c-cjE^aa^t-^^M^ 

StlS— Ru (Cp) ,«2 0 OrTffi^SJS (Hfi 

[0029] ru (Etcp) , <Dmmz$>rtz>mm& 
ttHj££*iT*s?\ xhi^-h© (*6#=&) »*it 

tt, %R«ME«RRu (Cp) ,K»-r*feOtH3t 
(EtCp) SfeWtctt^fB^fflaoH 
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Lfrfc, Ru (EtCp).tftlTB 
IflJTgSCT. >*ID»»1"« 

[0 0 3 0] 

^TOt*— ^f4KTO«« (02) OT^'f 'J 
•5. 

[00 3 1] ft>A:Ru 
7i-X^U- h : B9 
t-^:NGK HA- 1 2 (95%) 
BfcSB : MLDSra TJPflMbftB (MB* Jt©«n 

7Uyb: TiTik JLS 1 0 0 Mm 

SfcaSBgB : lOmi I*5 4ml lSTifeSfflDL, 7'Jy 

h$tS^©JfA*£0. 1 

7>7;U— Jf La-Otfx': 6 5 p s i 

mm&mz* tticss&nTfr>a:v>HD, Ru (cp) 

,tRu (EtCp) .OJtttKH-r*. 
[0 0 3 2] Ru (Cp) , (fh7b KD77> [ f ] 
0. 1M) 

b-^i&«#3 3 0r~3 5 0"C. SMbSBB«a<2 2 
CC. 'JjrH/?'ft//-XSUEi«19 0t, Ru© 
SlA<3 0 0mgm, O,©8li#3 0 0 seem, N, 
-B Ru#4 5 0 sccm. N, - B Pt**2 5-0 
seem (12 ©SMbBB) , JEE7J** 8 T o r r . 34 
0 r©P VDlC<fc<5R u v'— FT?D/R:WlfiJ6 0A/# 
Ru (E t Cp) , (t^^>4-!M) 
t-^j&Sd*3 3 0t~3 5 Ot, gMfc^Bfi*a<2 6 

or, u<^/7'ft/;-XfiS!052 6OTC, ru© 

SftS^l 8 Omgm, O, ©jjgfi** 3 0 0 s c c m, N, 
-B**4 5 0 s c cm (SB 1 ©»-ffcgB) , N, -Bfl* 
250sccm (12 ©SMbBB) , ffi7J5&< 8 T o r 
r. 3 3 0r©PVDC«fc5Ruv— KTD/R^*31 
0 0A/» 

Ru (E t Cp) , (Wft) 

t-^fflS**3 3 0r~3 5 Or, §tYk^fiB*^2 6 

or, u ^ F/7-f jr/ s-xm&ifiz 2 or, ru© 

8fcS50*5 Omgnu O, ©I1AU 0 0 s c c m, N, © 
jftfidU 3 0 0 s c cm (^-r >AO , N, -B#4 
5 0 s c c m (SB 1 OflMbBB©*) , JETj^ 2 T o r 
r. 3 3 orcDP VDfc«fc5R u HTD/R*t|54 
5 0A/t> 

77"7-f HVrUTJkXaOR u Captiva7- 
;H:*^5Ru (Cp).tRu (EtC p) :©ttltg£ 
BftttBB&OBBftefTofc. Ru 

5 (S3 AS.D:ia3 B) . 
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[0033] z.n*><DM.m<Dmmik8im\zm-3^-c. r 

u (Cp) « *«t»5ftfl:iW:t3:2 2 or©i&££B 
Mb, Ru (EtCp) ,*ffl^Mifl:li2 6 0 

r©iaa^s*?Lfc„ #*©aBxa*©iWB*KK:-3 

©Bfln?&£. W>LRu (C p) , ICOt^Tte, >"V 
FB«fcfc^TBB2 5 or"Cg|g$n^O, 
fc©RJ6©;fc«&K:*Hr»B£LT. U y F, J 
10 -X©ilS«<£TLTl 9 0tT$5. 
[0 0 3 4] 3li£0iJ6 

Ru (Cp) , (rh7fcKa77>"t'0. 1 M) R# 

Ru (E t Cp) , (*-»^>*lM) 

WWEtt 

*SBffl£«ffilB«!l»Ru (Cp) .RtftftiK^SfRu 
(EtCp) .©WlfrlCWLBffcU 71/r>7XXny 
h 1/T) «Bfr>T£B*C!)B£4c#tt- 

£&5Tr-5. 71/Z7X7P7M1 RJS»I73^©S« 

20 fy7'3tlAl/-i?St«Mtt$fflff:t«ft»l:l4, C 

vD«iaj4»*^»K:Hjfeanfc«*«D .tor 

nfcB«£»a*Wfc«J63nfcB*i©W©»Bj<Si 
JS«jW«V»fc* £#«*«© (MOCVD) &JI©£)£ 

iciaa*b<ft:v». iiijgRu (cp) .RtftaiEfe 

iRu (EtCp) .Offl^CjUtSCVDiaSRu 

»I©I*tt#ttlitft*ft©*8-«Efl:l/. *ttKJ: 

30 [0 0 3 5] 7"Unr7^aH3iEt«effl$nS4«©S«' 
«, 2 0 0 0 A©i&gtfb$J, 2 0 0AOCVDl;J:*T 
i N, 2 0 0 A©P VD{C«fc-5T i N, 60A©PVD 
tc«t«Ru->— PB-Cft«. MIDKRu (Cp),X 
•BSKIftfRu (E t Cp) .©^^MfflUSCV 

(MB) , ffiSM&SI, ^J»JES:n««««**nfc. C 
VDCiSRu (Cp) illl^^TIi CVDKJ; 
40 ST i N, PVDtCj;-STi N4S«Tttlllt©tt*tt-$»fl> 
Ba*3feSS*l-5. L*»U CVDl:±5Ru (EtC 
p) .fPHTtt, BD^BBBSatT i N*«-Ctt# 
StCSS^Ct^W^bfc. P$*3*3J:-?-6 0A©PVD 
CiSRux-h'iOffT*, CVDlCfc-SRu (E t 
C p) « ©m©# 0 ttBWKBScBSn*. 

[0 0 3 6] i4Alt P VDfCtST i NSKRtJ^ 

B^*at«fcis«sti*Ru (cp) ,©±ta^©ias 

fe#tt$:^-r<, r©7U-7X7*Oy h©CVDCi5 
R ufiltt«fftft**fr6«fflr5 <B*«. BE7J 2 
50 Torr, O, ©Mfi 5 0 0 s c c m) „ ift«^©fe# 




Ru (C p) , tt&2 e V~*<J4 e TO-^Tj 

tt&«3 0 O'CKfcofc. 
[0 0 3 7] PVDtCj;SRu->— H@fc*3t-J--5Ru 
(Cp) , ?)7 U-V XZfu y h&m 4 B\Zm?. MM 

fe6n5jSttftI*A*-t4» 0 . 7 e Vt?$ D. Ti 

NORu (Cp) i<OiSttftl^M-i!)fi<**J: 

*. MoH#ia*to«flEik#ttt>H4Bicanaft"r*. 

£182 0MQ-cm^5U6 0 (iQ- c mtCif SoT-So 
CCD^St^H^-JStaWiifintt, XRDMTS^tlSJ: 
3KteaTRuO,a*}gf£S*lS&©<k5Tfc-5. Ru 

o,*is*?6?j(c^$ns3 2 ox:mwzm&&wmm. 

CO 0 3 8] PVDl:i.5TiNCi3(t5Ru (E t C 
p) ,07^^X^Dy h*04C(C^b, ffitt^fcX 
^M-M5eVT, Ru (C p) , <D?g^3:^fc;x;^;^ 
*-£9ig^>. ft^i r^S'j tlNEttXRu (Cp) 
,i0«f ; FKa^i>'7h-r*. *^»ttfl:x*;M?- 
tt. *V»»4lttB««Ru (EtCp) ^ffltiTMS 

[0 0 3 9] PVDCi^Ru is— FSSfcfcttstMB 
MRu (E t Cp) .©TV'XCXT'ny hRtfHW 
Jfi:feiCOtt#14^04D{C*-r„ ftUfci,- PVDJCk-SR 
uS'-FSSfciSttSRu (Cp),C71/^^n 
yhii»tti:*atJ/7Hfc. ■Sl&UEftHC 
fcitSRu (EtCp) ettssttfcx*^ 

=f-!i»3eVT**0, PVDtiSRuv-h'CRu 
(Cp) ,' OSttftX+M-C* * « 4 BO! ST 

[0 0 4 0] ««lftWSTi-*t^ft, EWJ&tatt* 
it«J(c4 On Q-cmtCifinU CtlttittB«»Ru 
(Cp) ,OH«r«ttK*t>TJ33ft*«:*103^**Sn 



7 ) 2002-161367 

SnfcflWTCRu (EtCpl.^MTSRuOJl 
Ru (Cp) 1 ^T5RuO,iDfcM<Ston 
■5. 

[0 0 4 1] PVDtWRu (C p) .RtfPVDC 
±5Ru (EtCp) .©Tl^^^X^SjWPiaEK, ^ 

Ru (C p) ,RtffSNB&SlRu (EtCp) 
10 43tvr, P VDt«t5Ru'>-HStift«$nsiSOfi§ 

tt-ffcx*;^— tt, T i Nat^Ykit&^<D#s«)*«tc±t 

I!i*^«IfclEJt$nfcM«-COPVDfcJ:SRu->— H 
gOifttt*»4. TIN, BST, TanOx (S*2 0 
ttRWttf) «kD»^. P VDlCi-SR utcistf 
ffittYtx*;i/^-iSs^*«*d«ai3B-r*©tt, PVD 
(CJ:^Ru*tfiKfi-r-5fC«PVDtCJ:SRu->- FE* 

[0 0 4 2] Ru (E t Cp) ,©#lg«, Ru (C 

20 p) , ± o fc»ttflsx*;M£— afiSK rr>^-j oja**« 

iSSVi. L*>U ffiiS (K3 2 0C) T«. Ru (C 
p ) , #*«3ftfctf x/\#»J*-rs©tt£fc R uO,C 
t§T»S. Sot, 3 2 0"C*iTH ffittffcx*;M? 
-tt;i^r— ^A<fc 0 fe^tc RuO, <DWmz J: 0 
ft, Ru (EtCp) iiRu (C p) , <Dfe&itx.*)U 

[0043] H*«^a*©tt#tto^'ny htt, 

iO-r-SJltSr^-r. Ru (Cp) .©SWiSia©*/^ 
30 OJSdftHCifSirr-S. Ru (Cp) , ©itS^HWffiJttefe 
€-e>< RuO.OJgfiKJCfc-SfeWT^O. RuO:OBt 
ffita«M#&Ru (7/iQ-cm) .kOfcili^ (45» 
Q — c m) . 

• [0044] mmm 7 

C V D ;Ut-x»> AlOti tttSttttt&T©* 3 fcSS 

[0 0 4 5] 
[*3] 
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( 8 ) ftffl2 0 0 

t Kn 7 ^ ^tpa h u ( c p ) 2 #tf:*£ ❖ >#©r u (e t c p ) z iz$$-t z c vd©r umxmk&sm&atm 



2-161367 





D/R 
A/9> 


WTW 


W1W 


/xO-cra 


P 

1 c5m 


XRD 

Int. Or 
d. 


£b (ppm) 
/&£(A R 
MS, RstO 






Ru (CP) 2 n 
340*C 
SffiTiN/T 
hOx 


7 0 


1. 8% 


2^6ft 
A & ;\* * 

fMr-«+ "kUTTT CDA 


20 


31% 




9 7 ppni/ 
3 1. 4A^ 
3 0 5 A 
<£4 7 0A) 


S/T:4 0 
B/T:3 0 
C : 6 0 


»?xj\ ioo^g??f 

Ru 

9 1 1 0 8 


Ru (Cp) 
3 40^ 

Bu/rnr/si 


70 


N/A 


n/ a 


1 5 


5% 


002 
101 
100 


1 1 2 p pm 
/6 2. 2A^ 
49 1 A 
<&7 1 OA) 


S/T:3 0 
B/T:3 5 
C : 60 


Q 

9K1 1442 


R\i tCp) 8 . 5 0 
3 2 0-C 
iSMSTiK 


10. 2% 


N/A 


N/A 








S/T : 9 0 
B/T: 9 0 
C : 80 


91029 


Ru (Cp) 5 , 

3 2 on: 
m& pvd© 

Bu/TiS/Si 


80 


N/A 


N/A 


38 


20% 


10 1 
0 0 2 
100 


2 3 0 p pm 
/5 9. OA. 
492A 
0K5 8 8A) 




Q 1 
9K1 L 438 


Ru(EtCp) 

^ sso-c 


160 


N/A 


.N/A 


35 


0 U7o 




730 p p m/ 
122A> 
GR1430A) 




9110 3 6 


Ru(EtCp) 
a > 3 3 0^ 


10 


N/A 


N/A N/A 


i\ T /A 


N/A 


N/A 




N/A 


Ru(EtCp) 
2% 3 3 0*C 
3£*SPVD4>Ru 


120 


1. 2% 


TBD 


42 


B% 


1 00 
002 
1 01 


30;?»/66.3 
A> 5 4 1A 
CK7 0OA) 


S/T : 9 0 
B/T : 9 0 
C:80 


91119 



[0046] mmms 20 

SMiu <E t Cp) ,SJB^*ftft»WW3lE 
NMNIMRu (E t Cp) Sttlb 
x*;^-d*0. 8eV-0. 9 e VKHfi-pr*. ffitt 
ftX^m 2 — t>Ru<OSfE»lCtt??-rS Q PVDCDTUX 
W^PyhSfflWt, 2 0ragm, 5 0mgm, 8 
0 m g mcOSitfiO Ru^5 0ACDPVDCi§Ru/2 
kA^Th O x»«0*a*l:^^Ttt«t SBlClt 
40sccm, 160sccm, lOOscc m<E>giEfi 

SO*frl:)450BRufl)Sa««5 Omgm, fittfbx 30 
#*0. 7 9 e VCD0#T*&£^5 
(H (5) ) . Ru <fiia<0IRO5Bt^Stt 

fcbtlfc^. Ru©8ti#5 0mgm©IR, Sft^Sig 
&3 3 5tK«Tr*©K:fft?Ti*— tt»iftaiC*aiT 
^tl^CD^frTT, Ru<7)CVD«2 2 MQ-cm 
0@^&^<£®fi<2RuM£f££2-£3. (B6A) 9 I 
— ©SSfC*^TRu<7)8fE»^2 Omgm^ 34 5 

<d££t&o (06 b) , znzoiyiwgkftTT^ t- 

^Oft*-ft*OSIitt3 0 Or- 3 5 0"C<BiS!5£flre 

[0 0 4 7] N 2 (DSSS^JSSnf -Si, 50AOPVD 
ti5Ru/2 kA<BThOx<0S«Ki:fe^TRu!»(0 

X*;P3r— **«T-r<5 (0 7) CiniC^LTNzCD 

fc, IH— ©£«K:i3^TN, <B«ES** 1300sccm 

t iS < R u <0«I# 5 0m g m(0«^, l^f^I^t 50 



<DH*«£t*«iftrr* (18), — N, 
JBflrrSi* RuCCVDffilttatStl, 

±bja««#tt*«fiT-r*. for, gig<t&iii<z>8£a 

RtfitMMlfDLTMtb^RuI^MLII^o 
[0 0 4 8] SIMCT9 

Ru (Cp) : (rh7bFD77>»0. 1 M) 

Ru ( E t C p ) i (^-^^>4 1 1. OM) (PXtSEEiaT 

fam\z&\,*T*?*>*<DmmvoKRu (Etcp), 
fcio«ftLfc«(ox«ia»fi»Bi*«-r. coiicatB 

*H$K3S^Ru (10 0) OiSlBj, MtffCRu (0 0 
2) £Ru (10 1) <D\£-9ifidbZ>. RuOjfCtttf 
noi©Ht»Rli3 0tfQ-c 
•mJ:0^:#<, R B S#tfr little 3 0 ± 1 0 %<DWtmifi 

3 2 0TO1 X^|elW/^^-> (H9B) tt, R 
uO,OJgjEK(D*«iT»S»3ia:t;-i7RuO, (11 
0) RZ^RuO: (0 0 2) ^^CtSSW 
aflttRuT?*ofc. 
[0 0 4 9] rh?tHn75>tOitI»RRu (C 
p) , tC«k0fiKfibfcCVD^ck-6Rul«Oj|e*iarHl 
tt, Ru (E t Cp) ztCiO^Sb^tttS^-So 

TRu (Cp) ,Cct!3J«fitftCVDJ:ck-5RuOX 

^[HliFf/t^->^*-ro c©Kfctt«»fi&K:a^Ru 

(0 0 2) cDb!-i7, MCRu (10 1) tRu (1 
0 0) cOfcr-d7*t*-5, 3 2 0tT11 MORuO, 
WRuOStBtSnt^S (H9D) . K^^W 

RuO:T*W (139 E) o 



15 



( 9 ) 



[0 0 5 0] Ru (Cp) z\z£T)!$ l &l,rcm<Dmk<D 

mm\z. mti^mzmfeznrzmmmmz&^T, ru 
(EtCp) ^ao^fii^ifti^t^ts 

(cp) ,&jbht, B^^^>^*&Ruo«TRSJ^ 

SRu (EtCp),t«W»U K£^£«fto: 

R u^ffiXttSt^i: R u O. ©ftS»St«. 

o\z. Strm^fKRu (EtCp).tt, «AoK«UMI 

[0 0 5 1] CVDWSRulOErtll PVDJCJ: 
So H10H #*»6 0AOPVDt:±4Rue/-H 

■t#^2tfco*i i »a:aa6«TRu (Etcp)^ 

«V^CVDCiaRu©X»HSf/^->*«t. P 
VDfCil&RuJICQ-RCteU -*OiAflJ2 0 0 0 
A©J»Kfls»***0, tt*©9i/\Ttt2 0 0AOPV 
DKiST I NjW»*. mMikVl ±\ZRu>>— K£J#^ 
•-&©CVDlCck*RuKK:tt#*fcai^Ru (10 20 
1) (OK-******** T i NllCRuy- FS&OS 
-&©RfC»4fiViRuOt!-^3&«*50*T*€>. CCD^ 
JKt2, VDf:i«"R u S/- Hi#«f Sftfci^ 

So 

[0 0 5 2] Hi^J 1 0 
ggftRu (E t Cp) ,tCJ:0^5bfcRulgg)Xia 

*?^>tOttI««Ru (E t Cp) 



2002-161367 
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\Z. tt^ttBMRu (EtCp) «3&«««?ri8T, 30 
Ru/O^^ffl^it^^sSlaLT, i^WRul^) 

»ftE[ft*w»r-5. iioru (002) m&iw&r 

*©ttO,'0«*38««/h©HF-C»« Q Ell ltt, 35 5 
<CT5 0A0[)PVDI:J:§Ru/2 k AcDThOxCD* 
«(Cfilt«CVDKCJ:«RuEmoOi (D«*K:J;«j» 
RuO,*«Jgric$ntt**<OttO,OSK»d«l 
2 0 0 sccm«TS0, ^tl^RuO, (10 1) 
tf-^fttf* £0/h£^RuO: K-*<&2 0 0, 1 1 

[0 0 5 3] SSStTCVDfCiSRu (0 0 2) @S 40 

Omgnu N, 2 5 0 s c cm, JE^J 8 t o r rT*S 
0, 0,©«i*l 2 0 0 s c cmOBftO 0 2 K-^ 

<DttttW£&m&gM\zmiM?zz£&m&7*ir mi 

2) . #BtbTH^rffita*<3 0 tiQ- cmiDS<^ 

ctTwiKsnsott, *«*n-s«tfcRuo,^aia 

Hit**. O, 9 0 0 s c c m*^T 

tt, IBfifiTRutfi^iSK, RuO^ti^Oj 
cD«E»CD*tSn (:ont £ A, i: /u«fi/«fi^fe« 
So 50 



[0 0 5 4] 

C VD I: i4 R u O 5 i/M^«©ffS^H40X R F C 

$J^— ttOiaXRFTB- flStCl 0%-l 5% (1 
a) TfcSo ^^>^S« (^*#£M£LT%>JP3 

[0 0 5 5] )ls\*)V7*&/VV7> (Ru d o 1 p h M 
etaPULSE) tt, "JxAft«©RuO[)f 
T*«»J«)!y— ;U"C*«, ««0©5 ? — 3M4T i N/S i 
SfiTMBtlSRu (Cp) wiWS$i^- 
tt**2« (la) iftt^iSSt. uOWI 
WJP*iS-ttOSfcttiXRF«je3jt*^a5. *V>tt, 
*9!\J\,7s (Me t aPULSE) I£H CVDKJ: 
SRu£T i N«i©IB<0«#tt3&qF»JBT?**c:2:fl!> 
*f*S»T^5*t)LnaK 6 0 A0P VDfCcfcS 
Ru/2 kA<DS i Ojl-e^SLfcCVDICcfcSRu 

Utt***. ^^A;UX (Me t a PULSE) «S5t 
tt, P^lOO 0A*iOS i OJSSffl^SiiO 

[o 056] mmmi 2 

h»tt*KLA-Te nc o r tt<0 4 " 
^-9-flfKJ:0ajeUfc. A FOODS'- hJgfct^— 
»JxA4»04 9^6SS5mm^LTS!lSL 
fc. ■JB*5mmH^'r*©t4, *9>:/U >ya>SSB* 

3 mm»nt5 P V D K J; & S/ T KJIXttffittJI fc*foS 
TZ>tctb-?&Z> 0 WI WORsl^- ttCDMRSB* (4 
•9pt) ttl 0% (la) £%&©«NE4IMtS 
ffl^Tfc, CVDfciSRuIttPVDfcWRui'- 

KlttffltWI-WORs^-ttSlOX (la) 
ffllAenSo ±SB^3«PVDtc<J:SRu'>— HS<?D 

Ru (Cp) Rsi^-tttt3 0%A^5% 

(1 a) ^ii^o 
[0 0 5 7] ^Jg^J 1 3 

cvD\z&z>R\im<vmmi&&i <p) j4*«ja*o«^ 

u (Cp) : (04 B) RtfWffi^SfRu (E t Cp) „ 
(i4D) 07l/-^^Py M:S*ftTU5. mfa 

<oH*^toifini»4, mmMm<DM'j>\zftvRum\zi& 
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D/t^->tt®HSQ.SiSffiT<7)RuO t ^-ZCDftrnZ 

©ggtt, MBiMtRu (cp) , \z&vm&vitm<D 

*^i'3'>4>OiIftIRu (EtCp),C±0^ 
«LfcM«tOffiM6*)(C^:^<, £*lttRuO, M-9<D 

ffi9T?3&5 (H9E) . 

[0 0 5 8] %jKm 4 
gEBSS©J±ftS 

Ru->-HHtCPVDC«t.g)T i N**ift«Sn«OfCin 
CVDfC^SRuK^PVDfC^^T i NCita^ 

«-rs. pvDic«t£T i Ntjeg*s{$nfccvDic 

iSRuIlt ti??>fOiI«Ru (EtCp) 
.Sffi^TfiO. (El 3 A) . H3— 

Oil^frT, CVDtC<kSRu^05T{CjP$*5*3j;^- 
eoAOPVDCiSRuy-HI^fl^uiT', * 
BBHBS&WLfc (HI 3 B) . Btttftfc***^*© 
MliSRu (EtCp),*IHtfiAii«3 4 3 

[0 0 5 9] iStSRu (Cp) ,©«^, CVDIC 
i^RuI^It^H PVDtiiiTiNAOi^ 
(DjjtfP VD tc R u ->— Hi'vcl&i; 0 fcS^FJ: 
U„ |2ll4tt, 2tfmX2wm©AFMCX*t>l:i 
U PVDi:<k4Ru->-h , I±OCVDi:i5Rut 
PVDtCfc^T i N»£±©CVDK: e fcSRu,i:£:iti& 

CVDORuJgfO.AFMfflgfOiB 



(10) A ^2 0 0 2- 1 6 1 3 6 7 

JKtt^KRu (Cp) ,i:|^-CD3 4 3'C«ffiI 
&#&ja^T*fMS£*lfc. PVDCiSRuOKWP 
VDlCfc-ST i N©K**«fc OfeCVDlCiSRuf 
5 0%*£(^£©K:RMSffijm&it!|&T#&<Tt>, 
RMSOfi$<5lttMiLTl 0 0%±&fr-ofzo 

[0 0 6 0] 3 4 3tTP VDCiSR u->- Ki^ffl 
<^T«®J£ffi£tfct£-f Ru (C p) , SJ&fgLfc 

sea, ru (e t cp) t zmmi>tcm&Qhm<z>fr\z 

%XZ> (01 3CROT13D) . >>xAM3 4 3t 
10 Ttt, ffi#©MB&®fc;fe^Tffl&at^Sf#i&fcRJ£$ 
tlfc. *4Ttt, AFMWigmtt^WSgf'*5^Ta$ 
©tt^^:Di«ViCliS:^-r„ RMSCtll ffiKtS 

ru (e t cp) ,*«a-rs«-&tti 4 3 0A©l&K 

*5^T12 1. 9 A, MB«flRu (Cp) ,£ift«T 
S*§-&tt7 1 0 Acott(c:*3^T6 
[0 0 6 1] 013 EfttfH 13FB, M*j¥B9C|R£ 

M3 2 0tt?H Ru (Cp) ,*Jt«LfcBtttt. 

20 ooo»*mo, o o o fgw&t^fig^-e&ffi BltMTab 

^©S&ofciaiBfiTJi.K.SA;? — >tt, ^xA_hfC 
pjffi©«0*t>fce.-r. 013FI1 Ru (EtCp) 
i*fflHT3 3 lrx-itSLfcKtCtt, jPSfcfcfl&^T* 
hlfc©»«*»o/ha^|t?5i«*<&*taa:-3fc^^ 

— >a/j:t>iii*a«r. Ru (Etcpi.siwin 

«-&5 4 0 A©tTtrttRMSMtt6 6At*fe5. 
[0 0 6 2] 
[*4] 





J9£f (A) RMS (A) 


Ra (A) 


Rmax (A) 


1. Ru (EtCp) ,£P 
VDCQRu^-FiCim 
3 3 1*C 


540A 66. 3A 


5 1. 4A 


540. 6A 


2. Ru (EtCp) ,*P 
3 4 3-C 


1430A 121. 9A 


97. 5A 


9 5 4. 4A 


3. Ru (Cp) ,fePVD 
©Ruy-HCiga, 
3 2 0*C 


588A 69. OA 


46. 9A 


4 9 1. 5A 


4. Ru (Cp) jSPVD 
3 4 3*C 


710A 62. OA 


49. 7A 


490. 8A 


5. Ru (Cp) 2 £PYD 
©RuS/— KiCifc^, 
34 3'C 


470A 3 1. 4A 


24. 9A 


305. OA 



[0 0 6 3] ±#m\Z. C VDKJcSRuBItt, Ru 40 

(Etcp).tRu (cp) ,<d zmmmmzm 
^t*at/T%, **£Da<ji*.*. sst^rms* 
«£©*«=■?*>*©£*£©» 1 o%-z$>r>tz. mmn 
2\tmmz&-r>Tmmz$ufrr2>&5\z\zn.%-tz^. v 

*>U *e?f?a!tt*xAi&&©fiMS££tt, tS^iM* 
#*SK#oT«inTSttl<W*»-&. ttim^lKRu (E 
tCp) , KO^Ttt, 3?®&2tt, PVDCi^Ru 
y-HISiUSutt', PVDCJc-ST i NSKllf** 
WK&SStxS. R»©«|Sjttl)MM&KRu (Cp) , 
fcWfcSttfc. 50 



[0 0 6 4] aat^lt CVD»CJ;-5RuSS©aSl35: 

#*-r^^*«t?tt*s*i, 5MR©fis»3iitt«j63n 

T^&V*. Ru (EtCp) , <h R u (Cp) ,©£%£. 
©MB*K©**»»6«»«cHt*ftriE"r<5©^ttl8aT?tt 

t». ai«tt^o?F«-c**i:s*3n. *ffia^ft^» 
©4a«/*9*-^tt, «Bfasfc:«»-rs*rtBtt:a** 

So 

[0065] imm 1 5 

Ru (Cp) ! iti'^>tORu (EtCp) 




( 11 



« m it m * x t- y * a- u - v t it k ~d v » t it t* v 

It (01 5-020) . dOJttttt. a) jmmue. 
b) RuCiiflO^'f^ c) ££ (PVDfCj;^ 
Ruy-FIMTiN) fci'T&S. ^Attte^rX h» 

«M®JP£/-hffiJP£) RtrasH* At/-- 5? (MESJSS 

[0 0 6 6] CVDJaSC^HTH fin&7f>^A 10 

StfxAfi*, 34 3t (01 5 A) t3 2 0t (01 
5B) TRu (EtCp) .SfflWPVDC.fcSTi 
NtCitasnfcRSr^-r. 3 4 3"CTH AR5 : IT 
0. 1 7 tf mOiS©Xfyy*Al/- S?tt, fflfi-Ctt 
i&4 0%, J£®7?tt^3 0%, Il©BSCD3tf3l4«*?J6 0 
SEMOBrSHfett. 3 2 0 tlfc 

3 2 ox:ttfta*ttfcHjfe3nfc**© r»afj j:dt 20 

3 2 OtT©II©Xry^A'l/— >* (fljg 
S.tfJ6S) «i&9 0 9ST&9, 7^^ hit (AR) # 
5:1CD^<D0. 1 7 tfm©*jfi0^fttttt*98 0 

Ltf*U **WJBtt (0. 2 8/im, AR 3 : 
1) OftaoSEMAflHSfriC-rsOtt. Klctt#1|?K: 

[0067] 016 14, Ru (C p) , (0 1 6 A) CO 
IIW?>'t 1 0Ru (EtCp), (0 1 6 B) (Dm 
COUT, 3 4 0tTPVDlCJ;5T i NSfiT©7r 

©H :t^>4"©Ru (EtCp) , ©M«3 4 0*C 
[0 0 6 8] CVDCiQRuSPVDlCiSRui'- 

h* ® icJMrr * niT. mroffl^ t x y - y * a u- 

tt;fctIK:iM>"C*«. 01711 PVDICiSRuv'- 
(0 1 7 B) (01 7 A) CD 

CVDlCj;-5Ru!8l£, t^^>t©Ru (EtCp) 
,*fflV»Ttfc«bfc. CVDKiSRujBSj&t^rFSK 
tCft#T5&, PVDCJ;*Ru5'— FJia«&^lt«3 40 

4 or-cita-r*. l#>u 2-3<oataa«H«!©»* 

®®T««S*lfc. P VDt;:<fc£Ru~>- KB#&-i>* 

£0, «iBtt?t6*»T?*ofc. PVDCURuv'-H 
JIH A:?— >j£j&£nfc*i6T©CVDfc:«fc*Ru© 

[0 0 6 9] 01811 «96 0AOPVDI:J:5Ruv' 
- h* S Kit* S tlfc C V D \z i 5 R u §1© S E M © ®r ® 

£*-r. ^-^^>*coru (e t cp) t &m^xm& 

iEtlitm (01 8 B) OttBttK©^**, Xt'^M 50 
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#0. 15nra, AR6 : 1 -Cffiflg^AU-— v>&.tfJgS 
*A*U— ^*i|5 9 0 Ru (Cp), (018 

A) Hfctt, PI— ©*»Tffifi#/tl'— S?J&»5 0 %, J£® 
#AU-S?a*4 0 %^^TO^Ta6S. Bl©^:&14«£= 
(d58 0%-eabO, PVDi:J;5Ru->- KJia<&Vs« 

[0 0 7 0] 01911 C VDlC^-SR uJRcOS EM© 
$rffi£^L, ^fii&Ru (EtCp) 5 OA 

COP VDCck£Ru/2 k AcDT h O x ©S^S_hT 3 5 
5CT#®-y--1*X«0. 1 5 Mm, AR 6 : 1TS5. 
RuBtO*ftttt4^0*fl:TT#9 8X-C**. -kBJSIJP 

$U4ooa, Mwmmz &m 3 5 0 at* 0 , msa 

[0 0 7 1] 02OH Ta,Os/^US i ££lcfift 
i«LfcCVDl;«t5RuOXf7y*A , l/-yt^ 
'tt*SU PVDC«Ru5'-l«Ilfc'LT4 3 0«C© 
CVDI;j;5RuH P VDfC«k-5R u -> 

-K/f-em>fc«#©K»©&ai&a-cD3 3 ot-ei» 
sprate-cas. ^fy^/tiz-yi^Atttt, mm 

nTl^fc. PVDI;i5Ru->- fs&sl 
CVDCiSRuCOSIBte^Tabofc. t£oT, C 

vDCisRuii Txnr bittmmzis^m^-v 

T a nOx©M I M©jSffl#|-T?±®©*S£:l>T1£ 

[0 0 7 2] 02 1 COS EMiMit®»< CVDtC 
J:5R ulfiC VDC i5 B S TKTI^-I^SLft 
l^tfSS, CVDCiSRuH ARj&U. 5 : 1 
-Cfe-5 0. 2 umiDlZ^ft y7Vi<Dm&<Z>3 0 0 A<DB 
ST/P VDtC«t-5P t KitStStlfc. Ta, O s {Ct§« 
■T-5*'&i:ra«K:. ®HM±#$t.3 4 0ttt 
5. SEM?XA^, CVDfCJ:SRucO^S«BST 

AcO^UX5"J>y M4**<, # y x A 

[0 0 7 3] £(±coc:t$s»-r^t. »AttRtfXf 
>j/7#A*U-^««fi-t?3fc»$n, 1#(Clf)^^WlCRS^ 

W.$>TZ>. Ru (Cp),iRu (EtCp) ,*^J*T 
SCVDlCkSRuMUfct, »*#WKIH3e**l3tjl 

*^L, «fg*tt. n4S50****-CttRu (EtCp) 

Sic, PVP(;J:5Ruv'-HIi£I^ 
lit', Ru (EtCp),**«l/ftCVDtJ:«R 

titl-5. 
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coo7 4] mmmi 6 

ffflK^SSRu (Cp), (0 2 2 A) chWIE^KRu 
(EtCp): (02 2 B) mJj<D0x./\m<Dm2\Z. 

2%. i is^jfcmT'&zc&FB&zmrz-?* v& 

U Ru (EtCp):^lTni^j!llOHU7 

[0 0 7 5] 7 

ZfV>tf\$, ^fh8&<^xATBKM<£>CVDK:<J:5 
RujaSSrffiViT-T-X h^n^io CVDK:J;£Ru<£>ffi 
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fcdtfcaSrr^ (&2 3A) o C(DA^->te8ft<£> 
*7ikmTZ> (0 2 3 B) 0 ^^cD*ff63ffliJ 

&m.<nmii$<Dmm&7K'rmoT*$>z> (0230 0 i# 
TizftL^tfmmznz (02 3 d> 0 %LT<Dmz%c&<D 

10 ^xA£*frLfc^KM4>-r3. 

[0 0 7 6] C VDtCj:-5RuSaS^*5^^^^>7 P U 

>yU>^^*«58^W(D6 0#P B ^xAKSMT£"J 
fg^fe^o b-^i'>t7-^7 FP*W*lf?Ite4 0 0 
m i 1 T&ofco 

[0 0 7 7] 

[«5] 



12 3A/^ 
1 l8A/# 



1 5 ram 



15%* 



60 



60 



5 mm e. e. 



7% (5m o. e.) 



3 0% (5mm 
1 3% (1 5mn 



©. a.) 
e. e.) 



(ppm) 



30 



30 



80&&f?Ru (EtCp) iOzt-*-**,^ aaOWBSrPVDC^Ru^- WTiX/Si^S*ffiR3L/^ 
WJEPff DttRu 9X11 70f-?, *?SttJSL»UfcRu 9 1 1 



[0 0 7 8] ^7>yU>^©**©CTIt ^xArt 
COR si$— ttfcStt*. ^5>^ , U>yttS»ifi<©^x 

afiEOXRFJHy^ttiESSTtt^^o IK, *«*fcfc8RF 

[0079] 1 8 

CVDf:i^Ruff$iSl3|<7)- ~D<D*smtSiJjm$* is- 
hmK&4*Zfn-7T~mfeT2>££T*$>2> 0 02 4 

[0 0 8 0] CVDKckSRuKO^xArtSB^JPSi^ 
0#^ffi^d^#^^*tcXRFJCj:^iffl^fflSffiT» 

«ira«p^, «#^s«;uk;I/7^^a;i/x (Me t 

a PULSE) y— ;PT?*D. I(:*UTU- If— fcj; 

[0 0 8 1] *M#J 1 9 
iffflMWRu (Cp) ,^fflgg%?«Ru (EtCp).(P 



mm 

ffflE^HRu (Cp) ,(DJgf*flEttB^Sn (THFtZ 

o. 12M) , cvDmmmzfgifeTZo 343100® 
30 itru (cp) z&m^z>m&<Dmmm\t, mw&m 

B4MtRu (EtCp) .B. SfflTttlftTfeOaft 
'»^IS«Sn&««T3 0 0 A/»cfc0iB<, BKMffl 

Ii?U»**Wi:Rs6sn&«W-ci 0 0 a/#£dw 

[0 0 8 2] TGAft^C0^e#|«, Ru (EtCp) 
:Ttt-tfOT»<5**, Ru (Cp) ,t(4i»2X"C*-5. 

[0 0 8 3] MKftRRu (EtCp)^ffl^PVD 
R u >— HI^§i^xf77 p A/\ f l/-y 
tt. BKMHTaBS9 0%T*So TanOxSS 
TRu (EtCp), *±iB©MJ6i«Cffl^&»^ 

[0 0 8 4] Ru (EtCp) ,S«^fcS^(D^xA 
MJP*0)*3SUtttt, 2%, la*STfe5MRS7Jl/ 
77tBP (alpha exit) ^*^«fcTo 
50 [0 0 8 5] Ru (C p) , iztttetZt* Ru (E t 
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Cp) t «0/Ru^CDlt¥WiTOtCHLmS©^Itei4 
Ru (EtCp).lt (gfiTCMOCVDlC 

*»tt<«*©d>fcV»Rulltt. ft**»KHfeStlfc» 

^a<&S<T^a:. Ru (E t C p ) , TH^TJStaCO^S 
^RuO.Mfc^^ItlTSS. £CD£,i:«Ru (C 
p) ,£*NH«n?*D, Ru (Cp) ,ttft**WfclSJ6 



(13) ^1*12 0 0 2- 1 6 1 3 6 7 

9 24 

<D^Ruo,m&mmT2>mfa&*ig^. ru (e t 

Cp) .4ffi»atLtfflU7;P7rtHn (alph 
a exit) tt«tttKbfc«^OCVD(ai.Ru 

mmm<Dwm\z-o^x\t, ^utits. ^6», # 

tt&JJMfc3*£tteift?it (MOCVD) TRu (E t Cp) 

. * mm^snt in v>fc«-&-© r u ]&*£*£© j&g/i 5 
r ©aas/t ^ * ^a^-r-s . 

[0 0 8 6] 
10 [316] 













100^10009 c cm 




20~200pei 




1 0 O~3000 s e cm 




1 0 0~*3 0 00 s c cm 


Rums 


Ru{Cp) 2 x Ru(EtCp) s > Ru(iPrCp)j, 
Ru (MeCp) 2 > Ru (thd) s , Ru(OD> 3 
Me=>f/w IP r=^y7nttk Cp=v^D^ 

(cyclopentadienylX 
Et=i^l/, t h d =^ K^-J-^sT^Vj;^— 




0. 0 lM~*hU-H 




10. >m&&* 9 9 ^,^79 >,^3b >,^^-9- 
12. x.— rM&**A'X—rA t ^pi^/Kn— r^US?) 




1/ > h 'J 7 % >fc if 


Ru^Ht 


1 0-5 0 0mg/^ 


RuSrffcMKBg 


1 0 0-3 0 0*C 




1 00-300*C 




1 00-300X 




1 5 0-6 0 0-C 




1 00~500^C 




10 0<-8 0 0mil 




0. 1^-1 OOtorr 



[0 0 8 7] 



30 [17] 





Ssfffl 




« 




4 5 0 s c cm 




80psi 




3 00 s c cm 


soma. 


2 5 0 s c c m C^-*» >J W 


RuWfiffigJK 


Ru (EtCp) 2 


Ru&K 




Rutsa 


18 0rag/^ 


RuSM&s&fi 


2 6 0*C 




2 6 0-C 




2 8 0X3 




3 4 5"C 




340"C 




350ml 1 




Storr 



[oo8 8] ^mm-cm^ft$>^ip^BM^mm 
[0 0 8 9] a**3W*jMrjEacffMB"r*ott. 



50 



[HI A] ffliK^StRu (Cp) £5*26 
[BIB] MStlSR u (E t C p) , ©#**»##?£ 
[1112] ;uy=9A«©fc*«ffi*«fc«JBT*MLD 
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( 14 ) 



[0 3 A] WffiftSRu (Cp) .0ftfl:tt«UE0* 
[0 3B] *??>*<Dmm®MRu (E t Cp) *<D 

[H4A] 2 0 0A^CVDl;J:STiNRtf2 0 0 0 
A©J»»{fc«K:*ViT, MMRu (Cp) 
SCVDICiSRujaiOTU-'JX^Oy hSr^-To 10 

[H4B] 6 0A^PVDl:J;5Ruy-HI^^ 
T, WSilRu (Cp),^5CVDl:WRu 

[B4C] 2 0 0A©PVDlC±5TiNl:*^T, * 
^I' + OfflttttRRu (EtCp) 

[04D] 6 0 A<DPVDtC<fcSRu->— HIIC*^ 
T, ***>4><0l«««Ru (EtCp),»§ 

[0 5] RuO8E*a0CO,O8E*^aS:0, N, «— ^ 20 
Sitfil 3 0 0 s c cmt*§i^H, 50ACPVDI: 
J: § R u y- HI/ 2 k AOT h O x S«l:^ O^T, 
»SRu (EtCp) ,Sffll^CVDl:±5RufflI 

*To tlN: «4 5 0 sc cmT&S. 

[0 6 A] RuOSi^SOmgmTCCOgi^l 0 
Osccm^l:, 5 0 AOP VDtCcfc*R u->- H 
I/2kA0ThOxl«^T, X»4Ru (Et 
Cp) i*»if^SCVDK.J:*Ru«l3aflD*a*ft«fi 
tt^-tt07l/-«)X^Dyh6«T 0 30 

[06 B] Ru<Dmmifi2 OmgmTO, ©SStjOU 0 
s ccm^l; v 5 0 ACDP VD^i^Ruy- Kg 
/2kA©ThOx«8t*^T, MftftRu (Etc 

p) i&m^&cvD\z&%Ru&m<Di&mm%.zft&&i 

^Ht07I/=!>X^PybtSt. N,<Oj««ttl3 

0 0 s c cm, jj&ilN, <A§fEfite4 5 0 s c cmTS 

a. 

[0 7] N, 2 5 0 sccm, 1300scc 

mOiSH, 5 0 AOPVDCWRu->-FI/2 k 
A©ThOxJSfiK6^T, *t*4Ru (EtCp), 40 
t«^*CVDfc<kSRu«iaoit«*©7U— 
o^hSSt. Ru<£>git*«5 Omgm, Mi£N, ODgft 
1B4 5 0 s c cmT*S>§, 

[0 8] N,<08ft***£>< 1 3 0 0 s c cm^f:, 
5 0AOPVDI:i§Ruy-HI/2 kAOThOx 
S^fC&^T, MftftRu (EtCp):^^CV 

nyhSSt, RuOffiiBSOmgm, 0 : <Dffi&\Z 

1 0 0 s c cm, «3lN,0«t»tt4 5 0 s c cmT& 

50 



2002-161367 
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[0 9 A] 3 3 0t©«Mg, 6 0A(D«Iftffiltfi 
frJ:aRu/2 0 0 0 AOS i 0,OSfi, JP£ 6 0 0 
A^RuC^liT, t^7^>t(^Ru (EtCp) 

rd) 

[09 B] 3 2 OtCD*fttiaE, 6 0A^PVDIIJ;^ 
Ru/2 0 0 0 AOS i O, jP£2 8 OA0R 

ufc*5^T, ^^>tORu (EtCp),{aO^ 

&hfrik¥f$ t mmm\z&%Rum<DxmiBi$i (xrd) 

[09 C] 3 4 O'COiftWi&S, 6 0 AOP VD*C<fc£ 
Ru/2 0 0 AOP VDIC±5T i NOiS, JP£ 8 0 
0 AcDRuKi:fc^T, fh7kFo77>^Ru (C 
p) ,K:J:0rtfiL«:ft*«ffiitafcJ:*Rullt<OX». 
InliFf (XRD) /^->**-r. 

[09D] 3 2 0X:<Dmm&m.. 6 0A^PVDta5 
Ru/2 0 0 AOP VDfd^^T i NOifc JP£ 6 5 
0 Ac7)RutC^5ViT> fh7kFD77>t^Ru (C 
p) ,(Ci0j5EfiLftft^ffi««fcJ;5RuIOXa 
Biff (XRD) /^->$Sfc 

[0 9E] »*^»JCl5S$nfc««0 2 9 5t:Oita 
MS, 6 0 AOPVDlCi^Ru/2 0 0 A<DP VD\Z 
<t^)T i NOS1S, JP£ 5 0 0 A<DRu\Z^^X. r- h 
7kHo75>t©Ru (Cp) ,fCctO^SLfc^ 
«+§±SSfCJ;aRumoX^lEli)f (XRD) — 

[010] 2 0 0 0 AO»Kft*±flD P VD CctS R u 
y-HIS> 2 0 0 ACDP VDtC^^T i N_bOP VD 
[CiSRuy- KSS^^T, t^^> + ^Ru (E 
tCp) ,JwJ:0J«fiUfc{t^*«ift«^J:aRutt(O 
XIRESr (XRD) 

[011] 5 0A^PVD(:i§Ruy-HI/2kA 
OThOx(Dg«K:;fcV>T, MRU (EtCp), 
'Sl^SCVDfciS.RuElFlOO: oSitfitria^ 

M«3 5 5t:, N,©»att2 5 0 s c c 
m, Jg2lN,<£>§ftSte4 5 0 s c cmTM, 

[012] 5 0 AOP VDtCct^Ru^- HJi/2 kA 
OThOxOjJSi:*^ K^Ru (EtCp), 
JfflMC VD^cfcSRuiBrnia^H^ffiJrCOOjOgg 
«tck*J»***r. ffla*frtt«flE3 5 N, 2 

50sccm, 182IN, 4 5 0 sccm, 8tor rT 

CHI 3 A] 3 4 3*CT2 0 0A(^)PVD{Ii;§T i N 
ICfcltS, WIE^lKRu (EtCp) ,<£>3t®ffl££it 
$rT ^ C V D J: 5 R u m<D S E MSHfe^^". 

[013B] 3 4 3 < CTPVD(: < t§Ruy-hV20 

0 0A^)ifk%[:*w, Wig^HRu (EtCp), 

<Z>3I®SL£ ^rJt^-T a C V D \Z& £ R u JRO S E MSHgi 
[013C] 3 4 3tTP VDC<t^R uy- hV2 0 
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0 AOPVDCiST i NC&tfS. mmMMRu (C 
p) ,©SiHfi3*H:lft?--5CVDI;:J:*Rugt©SE 

CHI 3D] 3 4 3ttPVDl:j;5Ru->-H/2 0 
0 O'AflDKftftfCfiW*, ffiI«lRu (E t C p) , 
©:g®M£ £ JttSrT-5 C V D R u K© S E MH& 

[il3E] 3 2 0"CT?PVDK«k<5RuS'— K/2 0 
0 AOPVDCiST i NIC&f?«, AMBttftR u (C 
p) ,©*iBfi3*ttlft-r*CVDICJ:SRuit©SE 10 

[01 3F] 3 3 1tT?PVDCJ:5Ruy-K/2 0 
0 0 kvmtmz&VZ. ffiggffcKRu (EtCp), 
©^It$*tfctt5CVDl;<t5Rul©SEMIt 

[014] 3 4 3*CTRu (Cp),£/B^T. PVD 
(C<fc5Ru->— H/2 0 0 AtfDPVDKck-ST i N±R 
tfPVDfCfcST i N±K«a$nfcCVDl;J;| l Ru 
l&©2 jimx 2 #m©AFMOX*t>4St. 

[1 1 5 A] 1S3 4 3 ttR u (E t C p) , SfflU 20 
T2 0 OACPVDlCiST i NJItCifM$£*lZdK©;*. 

®Jt***54 0%. *fttttt£)6 O^tiiCiSSt . 
[01 5B] 0 1 5 AtSft5fit3 2 0*CTR u (E 
t Cp) ,$ffl^T2 0 OAOPVDCiST i NBfc 

9 0%, *M/±ffiJttt»9 OSS. §MaD8 0%T 
ab-Sdt^^L, lg3 4 3"CCil 5At7;T7yA 

[01 5 C] **V»»«Ott*©|BW*W6*»K:"r*H 30 

-cab -5, 

[01 6A] Ru (Cp) ,*ffllr>, 3 4 CC. 0. 1 
7«m, AR5 : 1 ©^&©. 2 O 0A©PVDCi5 
T i NJlT©X5^:/£np-:x£*U Jg®/_h®Jt 
«*U 3 5%, fflB/±ffiittt» 3 0%. ^A14«*«J 6 0 
%Tab£. 

[01 6 B] t^^^WRu (EtCp) , £ffltA, 
3 4 0"C. 0 . 17 Mm. AR 5 : 1 ©*-&©. 2 0 0 
A©P VDCJcST i N|C«tt57f?^I/-J' 

Ru (Cp),4ffl^il6Ailtfet5. 40 

[01 7A] j-irfypommmnRu (e t cp) , 

Srfflt^, 6 0 AOPVDC±5Ru->-l«Ii%^ 

(DXTy-ftmv-vzmL. mm/±mtt\*m 3 0 

%. fflflS/±ffiJttt^3 3 0 %. *¥£|14«#?J5 0%Tab 

[01 7 B] *>7 5>y<S?<Dfflmsm.R\i (EtCp), 
6 0 A<OPVDICJ;*Ru5'— KJi*«*-5«* 

o^fy^ni'-yssL, jss/±sJt«^j 9 0 
%. fiijs/±ffiitttS5 9 0%. <$j$msm% o%-cae> 

0, PVDfCJ:-5 > Ru->-KS*^V^'&OD01 7 Ai 50 



(15) ^HBI2 0 0 2 - 1 6 1 3 6 7 
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fc © tt C V D IC J: 5 R u Hi5iS« KttiTr -5 & * T& 
3. 

[01 8A] Ru (Cp),W, 60A©PVDIC1 
<fc-5 R u */— FJifc*^*X'r-y 5>*«U 
J6®/±®ttte$$4 0 %. #Jg/±ffiifc«^j5 OX. « 
Att«^8 0%TS-5o 

[01 8 B] t^^>tO«IMRu (EtCp), 
SfflU, 6 0 A©PVDi;i5Ru->- H@tC*3tt-5X 
S?*$RU IE®/J:®fcl:te*9 9 0 %, fflij 

s/±ffijt«^9o%, mftmtms o%Tabo, ru 

(Cp) .Jffl^ci^Oil 8 AtJfctSiLfc. 
[019]M#&Ru (EtCp)^fflWmffi 
ti(:i5RuI©XT-y^ni/-^§*l/. 5 OA 
©PVD{Ci;3Ru/2 kA®ThOxC0Mlf3 5 
5 , CThU>5 1 «0. 1 5/zm, AR 6 : lTab-5. R 
uK©^ltm;:©s£frTT;f$8 %Tab-3. ±®JRJPS 
«4 0 OA. fil®KP$tt*?j3 5 OAT* 9, IS®* A* 
U— 3>«tt8 8%. &Mtl^U-^\tm8 8%Tab-5. 
[02 OA] ±®©SffiJCffl0!ISr*-r. CVDCiSR 
u©ift«£. 8 0A©Ta t Oi/l 5 0 0 A©#iJ S i 
SISKsJ-^^tpWftJig^lHRu (EtCp) ,54 3 
CCTfr-^fc. CVD(C«t^)Ru©jP$^l 5 0 0 AT 
abS. 0. 1 Mm. AR 1 6 : 1 .. j£®/±®lfc«i& 1 
0 %. fflffi/±Blt(4^ 10%, «A1£ttgl4 0 %Tcb 

[02 0B] ±1B©«a«««SjRr. CVDKJcSR 
u©*6«S, 8 OAfflTa.Os/l 5 0 0 A©#U S i 
affile*?* >>P©fflffi«&ftRu (EtCp), $4 3 
CCTff^ito CVDlc:J;5Ru©JP£l;U 5 0 0 AT 
ab3„ 0. 0 5«m, AR2 0: 1, JSB/±®Jttt*5 
N/A, ««/±BJttt»5X. ^t£tti&2 5%Tab 

' [02 1A] /1*->^J&£*lfc;*7».y:/#©«jg©CV 
DI:<k5BST/PVDI;<k5P t ftfccvD 
i:<fc5R ul© S E M«fc*ST. 

[02 ib] >&i&-£tirzJi v7vt<Dmm<Dcv 

DICiSBST/PVDiaSP t fCita^tl/cC VD 
ICi^RulCSEMIMSr. 

[0 2 1C] /t*->B)«Snfc*y^«CD«aoCV 
DlCi-SBST/P VDlC<k-5P tfCita^n^CVD 
K±5 R ulCSEMIiJST. 
[0 2 2 A] iltlf R u (Cp),©HOliMLtt 
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